We recently demonstrated that (1) telomerase catalytic subunit messenger RNA (mRNA) relative quantities increase progressively with the degree of laryngeal epithelial abnormalities and that (2) telomerase catalytic subunit gene re-expression represents an early event in laryngeal carcinogenesis. The aim of the study was to determine whether telomerase catalytic protein immunohistochemisty reflects telomerase catalytic subunit gene expression in different grades of laryngeal epithelial abnormalities and squamous cell carcinomas of the larynx. Telomerase catalytic protein was analysed immunohistochemically in 106 laryngeal epithelial tissue samples: 10 normal epithelia, 15 squamous cell hyperplasias, 14 basal/parabasal cell hyperplasias, 10 atypical hyperplasias, eight intraepithelial carcinomas and 49 squamous cell carcinomas. At least 200 nuclei of each lesion were quantified per slide and the number of positive signals per nucleus was expressed as a telomerase catalytic protein index. The mean telomerase catalytic protein index increased progressively with the degree of laryngeal epithelial abnormalities: from 0.17 in normal epithelia, 0.44 in squamous cell hyperplasia, 0.54 in basal/parabasal cell hyperplasia, 0.91 in atypical hyperplasia, 1.05 in intraepithelial carcinoma to 0.96 in squamous cell carcinomas. Statistical analysis revealed three different groups of laryngeal epithelial changes according to the number of telomerase catalytic protein signals per nucleus: (1) normal epithelium, (2) regenerative epithelium (squamous cell hyperplasia, basal/parabasal cell hyperplasia), and (3) atypical hyperplasia, intraepithelial carcinoma and squamous cell carcinoma (Po0.0033). Telomerase catalytic protein immunohistochemistry parallels well with telomerase catalytic subunit mRNA relative quantities in laryngeal carcinogenesis. In normal and regenerative laryngeal epithelia, telomerase catalytic protein is present in occasional basal/parabasal nuclei, becomes undetectable with maturation or differentiation of epithelial cells, and reflects the regenerative capacity of squamous epithelium. Nevertheless, several telomerase catalytic protein signals in the majority of nuclei in precancerous lesions, intraepithelial carcinomas and squamous cell carcinomas, are consistent with telomerase catalytic subunit gene re-expression, an early event in laryngeal carcinogenesis.
Telomerase is a multisubunit enzyme complex functioning as a specialised reverse transcriptase that synthesises telomeric repeats to the 3 0 ends of human chromosomes. 1 The principal components of telomerase have been identified as the RNA template (hTR), telomerase associated protein (TEP1) and human telomerase reverse transcriptase (hTERT). [2] [3] [4] [5] While hTR and TEP1 are expressed ubiquitously, hTERT protein expression has been found to be highly regulated and generally correlates with telomerase activity. [6] [7] [8] The 40-kb single copy hTERT gene, mapping to chromosome 5p15.33, codes for a 127-kDa protein of 1132 amino acids contained in 16 exons. 5 Several splice variants of the hTERT gene transcript have been described. 9, 10 However, it is generally accepted that only the full-length transcript of the hTERT gene can function as the catalytic subunit of telomerase, since it contains the whole core catalytic domain and the specialised carboxy-terminus of this transcriptase. 11 We have recently demonstrated that telomerase catalytic subunit (hTERT) mRNA relative quantities increase progressively with the degree of laryngeal epithelial abnormalities by using RT-PCR, and hypothesised that hTERT gene re-expression represents an early event in the multistep process of laryngeal carcinogenesis. 12, 13 The aim of the present study was, therefore, to analyse whether hTERT protein immunohistochemistry parallels hTERT mRNA relative quantities, for example, reflects hTERT gene expression, in different morphological grades of laryngeal epithelial abnormalities and squamous cell carcinoma of the larynx.
Materials and methods

Patients and Tissues
Biopsy tissue samples of laryngeal squamous cell carcinomas from 49 patients, obtained in the period from 1998 to 2003, were retrieved from the archive of the Institute of Pathology, Medical Faculty, Ljubljana. In the vicinity of each laryngeal squamous cell carcinoma, the laryngeal epithelium showed various degrees of epithelial abnormalities, and was evaluated separately. Accordingly, 49 samples of laryngeal squamous cell carcinomas and 48 laryngeal epithelial samples with different grades of epithelial abnormalities were obtained. All biopsies were taken before patients received any treatment.
Normal laryngeal epithelial tissue samples were obtained at autopsies from 10 patients, who died due to unrelated causes.
Laryngeal tissue blocks were fixed in formalin and embedded in paraffin. Standard haematoxylin and eosin-stained sections were used to establish the diagnosis and to grade the tumours into well (grade I), moderately (grade II) and poorly (grade III) differentiated laryngeal squamous cell carcinomas according to the WHO classification.
14 In addition, laryngeal epithelial abnormalities were classified according to the Ljubljana classification of laryngeal epithelial hyperplastic lesions into four groups: (1) squamous cell hyperplasia (simple hyperplasia), (2) basal/parabasal cell hyperplasia (abnormal hyperplasia), (3) atypical hyperplasia, and (4) intraepithelial carcinoma. 15, 16 Immunohistochemical Detection of hTERT Protein
The presence of hTERT protein was investigated by immunohistochemistry. Serial sections of 4 mm thickness were deparaffinized, rehydrated and washed in PBS for 15 min. Antigen retrieval and staining with monoclonal antibody NCL-hTERT (Novocastra, UK), diluted 1:20, was performed in an automatic immunostainer Discovery (Ventana, USA). After washing, sections were treated with biotinylated secondary antibody for 30 min followed by incubation with peroxidase-conjugated streptavidin for 30 min. Visualisation of the immunoreaction was conducted with 3,3 0 -diaminobenzidine (Ventana detection kit, Ventana, USA) for 5 min. Finally, sections were counterstained with haematoxylin. Sections treated without primary antibodies served as negative controls. Normal human tonsil and testicular tissue were used as positive controls for hTERT protein.
Quantification of hTERT Protein
If present, telomerase is associated with telomeres at the very ends of human chromosomes. A positive signal for hTERT protein was therefore identified as a clear dot(s) within the nuclei of laryngeal epithelial cells. Theoretically, depending on the quantity of hTERT protein, isolated small dot(s) or several large dot(s) could be observed within the nuclei of laryngeal epithelial cells. At least 200 nuclei of the corresponding epithelial lesion were quantified per slide and the number of positive signals per nucleus was expressed as an hTERT protein index.
In the corresponding epithelial lesion, nuclei were counted throughout the epithelial thickness.
Statistical Analysis
Statistical analysis was performed by a nonparametrical Mann-Whitney U-test (nonparametrical Wilcoxon test) with Bonferroni correction using SPSS 11.0 for Windows, P values lower than 0.0033 were regarded as statistically significant.
Results
The presence of hTERT protein was analysed in a total of 106 laryngeal tissue samples: 10 normal epithelia, 15 squamous cell hyperplasias (simple hyperplasias), 14 basal/parabasal hyperplasias (abnormal hyperplasias), 10 atypical hyperplasias, eight intraepithelial carcinomas and 49 squamous cell carcinomas (14 grade I, 20 grade II and 15 grade III).
In normal laryngeal epithelium, hTERT protein immunoreactivity was usually negative, or was occasionally present within the nuclei of the basal/ parabasal epithelial layer, but not in the spinous layer ( Figure 1 ). In squamous and basal/parabasal cell hyperplasia, the nuclei of basal/parabasal cells showed occasional hTERT protein immunoreactivity ( Figure 2 ).
In contrast, atypical hyperplasia was characterised by diffuse hTERT protein-positive nuclei usually extending up to two-thirds of the epithelial thickness ( Figure 3 ), sometimes throughout. Several dots were observed within the same nuclei. Similarly, several hTERT protein positive signals that were also of different sizes and shapes were found within the same nucleus in intraepithelial (Table 1) . Statistical analysis revealed that three different groups of laryngeal epithelial changes can be separated according to the number of hTERT protein signals per nucleus: (1) normal epithelium, (2) regenerative epithelium (squamous cell hyperplasia, basal/parabasal cell hyperplasia), and (3) atypical hyperplasia, intraepithelial carcinoma and LC (Po0.001). Furthermore, no significant differences existed in the number of hTERT protein signals per nucleus between well, moderately and poorly differentiated laryngeal squamous cell carcinomas (P40.05).
Discussion
Normal human somatic cells, with the exception of germ cells and stem cells of renewable tissues, generally lack telomerase activity. 17 In contrast, telomerase reactivation has been observed in the majority of human malignancies. 17 While telomerase is a multisubunit enzyme complex, it appears that up-and downregulation of its catalytic subunit is associated with telomerase activity, or its absence. 5 It has been hypothesised that reactivation of telomerase is one of the most frequent events in human carcinogenesis, associated with cellular immortality, thus promoting the accumulation of genetic abnormalities and increasing genomic instability. 5, 18 Head and neck squamous cell carcinoma is the sixth most frequent cancer, accounting for 6% of all cancers worldwide. 19 Laryngeal and hypopharyngeal squamous cell carcinomas form the largest subset of this group, usually occurring in older males. 19 Despite improvements in the diagnosis and treatment, the mortality rate has remained relative stable over the last two decades, with an overall death risk as high as 40% in the subsequent 2-5 years. 20 From 6 to 10 independent genetic events within the single cell have been estimated to be necessary for squamous cell carcinoma in the head and neck region. 21 They are believed to be morphologically expressed as different grades of laryngeal epithelial abnormalities. According to the Ljubljana classification of epithelial hyperplastic laryngeal lesions, they range from benign (squamous cell hyperplasia and basal/parabasal cell hyperplasia), potentially malignant (atypical hyperplasia or precancerous lesion) to intraepithelial carcinoma (carcinoma in situ).
15,16
While the risk of progression to squamous cell carcinoma in the subsequent 10 years for squamous cell hyperplasia and basal/parabasal cell hyperplasia is low (1.0 and 0.9%, respectively), it rises sharply for atypical hyperplasia (10%), and may well be as high as 90% for intraepithelial carcinoma. 15, 16, 22 We have previously shown by RT-PCR that telomerase reactivation, measured indirectly by the levels of hTERT messenger RNA (mRNA), is an early event in laryngeal carcinogenesis, detectable already at the stage of precancerous lesions. 12 Although the RT-PCR is sensitive for detecting even small quantities of hTERT mRNA, its main drawback is that the tissue morphology is destroyed, thereby preventing the detection of particular cells with telomerase activity. It is well known that, in addition to neoplastic cells, activated lymphocytes do possess low levels of telomerase activity and may influence RT-PCR results. 23 To the best of our knowledge, the present study is the first to analyse systematically the presence of hTERT protein in different morphological grades of laryngeal carcinogenesis, including laryngeal squamous cell carcinomas, by immunohistochemistry.
hTERT Protein in Normal Laryngeal Epithelium
Normal laryngeal epithelium is characterised morphologically by one or two rows of basal cells and up to five rows of prickle cell layers. 22 The basal epithelial layer has been known to represent less 22 In the present study, hTERT protein was usually absent in normal laryngeal epithelia, but if present, the hTERT protein was located in the nuclei of occasional basal cells. Basal cells are committed descendents of epithelial stem cells, and may possess low levels of telomerase activity for regenerative purposes. 24 In agreement with the low number of hTERT protein signals per nucleus in normal laryngeal epithelium, as shown by immunohistochemistry, we previously detected low relative quantities of hTERT mRNA in just 7% of normal laryngeal epithelia. 12 hTERT Protein in Regenerative (Squamous and Basal/ Parabasal Hyperplasia) Laryngeal Epithelium Significantly higher hTERT protein indices were calculated in squamous and basal/parabasal cell hyperplasia of the laryngeal epithelium than in normal laryngeal epithelia. Nevertheless, the number of dots per nucleus in these two reactively hyperplastic laryngeal epithelia was similar. Interestingly, although the relative quantities of hTERT mRNA detected by RT-PCR in squamous and basal/ parabasal cell hyperplasia were higher than in normal laryngeal epithelia, the relative quantities were still low and the differences were not statistically significant. 12 Morphologically, only nuclei of basal and parabasal cells showed hTERT protein immunoreactivity in squamous and basal/parabasal cell hyperplasia, mostly as one single small dot, while the nuclei in the spinous (prickle cell) layer were negative. These data suggest that hTERT protein becomes undetectable with maturation or differentiation of laryngeal epithelial cells, reflecting inhibition of hTERT gene trascription and the disappearance of telomerase activity. When studying proliferative activity in laryngeal hyperplastic lesions, Zidar et al 25 discovered only occasional proliferating cells in the basal layer in squamous cell hyperplasia, while basal/parabasal hyperplasia was characterised by proliferating cells occupying the lower third of the epithelial thickness. 25 These data additionally support our hypothesis that low hTERT indices (eg low number of hTERT protein signals per nucleus) most likely correspond to low levels of telomerase activity providing regenerative capacity to the squamous epithelium, and do not reflect reexpression of the hTERT gene as a part of the multistep process of laryngeal carcinogenesis.
hTERT Protein in Atypical Hyperplasia, Intraepithelial Carcinoma and Squamous Cell Carcinoma of the Larynx Atypical hyperplasia has a central position in the Ljubljana classification of laryngeal epithelial hyperplastic lesions and has been regarded as a potentially malignant lesion or 'precancerous lesion', since a malignant transformation up to 10% was observed in patients with atypical hyperplasia during a more than 10-year follow-up period. 15, 16, 22 Atypical hyperplasia is characterised morphologically by pronounced cytological abnormalities, while epithelial stratification remains preserved: nuclei of many epithelial cells show the changes of 'atypia', such as nuclear enlargement with irregular contours, hyperchromasia, increased nuclear/cytoplasmic ratio and an increased number of nucleoli. 15 Mitoses are increased and are usually found in the lower two-thirds of the epithelium. 15 Intraepithelial carcinoma, on the other hand, already has all the morphological features of malignancy but lacks basement membrane penetration and invasive growth. While the number of hTERT protein signals per nucleus in atypical hyperplasia, intraepithelial carcinoma and laryngeal squamous cell carcinoma was significantly higher than in normal and regenerative laryngeal epithelium, the differences between atypical hyperplasia, intraepithelial carcinoma and laryngeal squamous cell carcinoma were not statistically significant. In agreement, the pattern of hTERT protein immunoreactivity was similar in atypical hyperplasia, intraepithelial carcinoma and laryngeal squamous cell carcinoma. Several hTERT protein positive signals in the form of small and/or large oval to rounded dots were found within the nuclei throughout the epithelial thickness and/or laryngeal squamous cell carcinoma, although the distribution of immunoreactivity was occasionally uneven within the particular lesion. The hTERT protein positive cells were of dysplastic morphology. These data support the results of our previous study, in which we detected significantly higher relative quantities of hTERT mRNA in atypical hyperplasia, intraepithelial carcinoma and invasive laryngeal squamous cell carcinoma than in reactive hyperplastic laryngeal epithelia. 12 We believe that significantly higher hTERT protein signals per nucleus in precancerous lesions (atypical hyperplasia), intraepithelial and laryngeal squamous cell carcinomas are the consequence of hTERT gene re-expression as a part of the multistep process of laryngeal carcinogenesis. Since no statistically significant differences exist in the numbers of hTERT protein signals per nucleus between atypical hyperplasia, intraepithelial and invasive squamous cell carcinoma of the larynx, other genetic abnormalities than telomerase reactivation must be responsible for their development and/or progression.
In conclusion, hTERT protein immunohistochemistry parallels well with hTERT mRNA relative quantities in laryngeal carcinogenesis. In normal and regenerative laryngeal epithelia, hTERT protein is present in occasional basal/parabasal nuclei, becomes undetectable with maturation or differentiation of laryngeal epithelial cells, and reflects the hTERT protein in laryngeal carcinogenesis B Luzar et al regenerative capacity of laryngeal squamous epithelium. Nevertheless, the presence of one or, even more commonly, several hTERT signals in the majority of nuclei in precancerous lesions (atypical hyperplasias), intraepithelial carcinomas and laryngeal squamous cell carcinomas, is consistent with hTERT gene re-expression, an early event in laryngeal carcinogenesis.
